Background and Purpose-Current American Heart Association/American Stroke Association guidelines identify warfarin use as a class IA indication in patients with atrial fibrillation (AF) and ischemic stroke (IS) or transient ischemic attack (TIA). However, few studies have examined factors associated with long-term antithrombotic therapy use in IS/TIA patients with AF. Methods-We utilized the Get With The Guidelines-Stroke national quality improvement registry and the Adherence eValuation After Ischemic Stroke Longitudinal (AVAIL) Registry to examine patterns of antithrombotic use at discharge and at 12 months in IS/TIA patients with AF. A multivariate logistic regression model was developed to identify predictors of warfarin use in this patient population at 12 months. Results-Of the 2460 IS/TIA patients, 291 (11.8%) had AF, of which 5.5% of patients were discharged on aspirin alone, 49.1% on warfarin alone, 1.4% on clopidogrel alone, 34.7% on warfarin plus aspirin, 2.1% on aspirin plus clopidogrel, and 1.0% on aspirin plus clopidogrel plus warfarin. Paradoxically, there was a decrease in the rate of warfarin use in patients with a CHADS 2 score Ͼ3. The only factor associated with warfarin use at 12-month follow-up was male gender (adjusted odds ratio, 2.27; confidence interval, 1.22-4.35; Pϭ0.01). Conclusions-Overall, the use of warfarin therapy is high at discharge in IS/TIA patients with AF; however, there was a decrease in the rate of warfarin use in patients with a CHADS 2 score Ͼ3. Compared to women, men were more likely to be on warfarin at 1 year after the index stroke event. Therefore, opportunities exist to improve antithrombotic use in all IS/TIA patients with AF. (Stroke. 2011;42:3477-3483.)
A trial fibrillation (AF) is the most common cardiac arrhythmia encountered in clinical practice and is responsible for one-third of all cardiac rhythm disturbance admissions. AF is associated with an increased risk of heart failure and cognitive dysfunction, as well as a 5-fold increase of stroke and a 2-fold increase risk of mortality. 1, 2 Approximately 15% of acute ischemic strokes (IS) occur in people with AF. Furthermore, AF serves as an independent predictor of morbidity and mortality in IS. [3] [4] [5] [6] [7] [8] Current American Heart Association/American Stroke Association guidelines advocate anticoagulation use as a class IA recommendation in patients with AF and IS or transient ischemic attack (TIA). 9 However, few studies have examined antithrombotic/anticoagulation use at 1 year and longitudinal predictors of antithrombotic therapy use in IS/TIA patients with AF. Using a longitudinal cohort from the Adherence eValuation After Ischemic Stroke Longitudinal (AVAIL) Registry, we examined patient characteristics associated with AF and IS/TIA, antithrombotic use at discharge, antithrombotic use at 12-month follow-up, and predictors of warfarin use after hospital discharge.
Materials and Methods
The AVAIL Registry includes data from a prospective, nonrandomized, observational follow-up study (AVAIL) that was designed to better-understand medication use behavior of patients discharged after IS/TIA, and its methodology has been previously described. 10 Briefly, the AVAIL Registry expanded on the ongoing hospital-based quality improvement program called Get With The Guidelines (GWTG)-Stroke. Outcome Sciences serves as the data collection and coordination center for GWTG-Stroke. The Duke Clinical Research Institute serves as the data analysis center and has an agreement to analyze the aggregate deidentified data for research purposes. Using this existing in-hospital data collection effort, the AVAIL Registry collected longitudinal medication data of patients who consented to provide information at 3 and 12 months after discharge. 10 The primary objectives of the AVAIL Registry were to assess patient persistence with medications in the year after hospital discharge for TIA or stroke, and to identify specific patient, provider, and system factors associated with persistence.
The AVAIL Registry was implemented in collaboration with the American Heart Association/American Stroke Association GWTGStroke Program. In July 2006, all 676 hospitals participating in GWTG-Stroke were invited to participate in AVAIL; of those hospitals, 106 completed Institutional Review Board approval (IRB) to enroll patients into the AVAIL Registry. To be eligible, a patient had to meet the following criteria: age 18 years or older; hospitalization with a primary diagnosis of acute IS or TIA; direct admission based on physician evaluation or arrival through the emergency department, including emergency department transfers to the recruiting site emergency department; and ability of patient or legally authorized representative to provide informed consent. Subjects with a diagnosis of subarachnoid hemorrhage, a diagnosis of intracerebral hemorrhage, or those who were expected to survive Յ6 months were excluded. All sites were required to obtain local Institutional Review Board approval of the protocol before study initiation. 10 The study closed to enrollment in July 2008; 12-month follow-up was completed in September 2009.
The GWTG-Stroke data collection form served as the primary source of baseline data. These data were abstracted from inpatient medical records by trained site personnel and entered into an online patient management tool. In-hospital variables included: demographics; medical history; National Institutes of Health Stroke Scale (NIHSS) score on admission; presentation information; stroke symptoms, evaluation, and diagnoses; acute therapies, including thrombolytics and deep vein thrombosis prophylaxis; discharge medications/interventions for recurrent stroke risk reduction; treating physician specialty; and discharge status and destination. After discharge, patients were contacted at 3 and 12 months by telephone. The follow-up questionnaires included validated scales to assess current medication use, functional status, and clinical outcomes.
Medication use was collected at 3 time points. First, the discharge hospital faxed a copy of the patient's medication list to the coordinating center. Second, medication use at follow-up was collected 3 months after discharge through a series of questions targeting current prescriptions compared to the discharge list medication lists. Third, the same questions were asked 12 months after discharge. If a medication had been discontinued, then the patient was asked whether the health care provider or patient stopped the medication. If the patient had opted to stop the medication, then the interviewer asked if the patient stopped because of cost, side effects, perception of medication ineffectiveness, or another reason.
Among the 2804 patients enrolled in the AVAIL Registry, 2460 from 98 hospitals met the inclusion criteria for this analysis. Patients were excluded if they did not have matched GWTG-Stroke information (nϭ9), lacked 12-month follow-up data (nϭ147), or had any of the following: in-hospital bleeding (nϭ30); a stroke during a hospital admission for which the primary cause was not the stroke event (nϭ3); patient under comfort measures only (nϭ3); in-hospital deaths or transfer-outs (nϭ47); contraindications to antithrombotic medications or anticoagulation agents (nϭ98); and missing data for both the history and diagnosis of AF (nϭ7).
Statistical Analysis
Baseline characteristics of IS/TIA patients were abstracted from the GWTG-Stroke database. Two fields from this database were used to define AF (medical history of AF/flutter and persistent or paroxysmal AF/flutter); if either field was selected, then the patient was documented as "AF," whereas the patient was documented as "no AF" only if neither field was selected. Use of antithrombotic combinations in IS/TIA patients was investigated among patients with AF. McNemar test was used to test for agreement between medication use at baseline and at 12-month follow-up. Multivariate logistic regression models were performed to identify factors associated with warfarin use at 12 months among patients with IS/TIA and AF. The statistical models were built using variables that have been previously shown to be clinically associated with warfarin use in patients with IS/TIA and AF. All data analyses were performed using SAS version 9.2 (SAS Institute), and Pϭ0.05 was used to declare statistical significance.
Results
The prevalence of AF at hospitalization was 11.8% (nϭ291). Baseline characteristics among IS/TIA patients with and without AF are shown in Table 1 . Patients with IS/TIA and AF were older and more likely to have other comorbidities (eg, previous myocardial infarction/coronary artery disease or prosthetic heart valves) when compared to those without AF. Patients with AF were less likely to have diabetes than 
Antithrombotic Use
The use of antithrombotic agents at discharge and at 12 months after discharge in IS/TIA patients with AF are shown in Table 2 . Among eligible subjects, 253 (86.9%) were discharged on warfarin, 126 (43.0%) on aspirin, and 19 (6.5%) on clopidogrel. At discharge, warfarin alone was prescribed in 143 patients (49.1%), aspirin alone in 16 patients (5.5%), and clopidogrel alone in 4 patients (1.4%).
Combination antithrombotic therapy at discharge included warfarin plus aspirin in 101 patients (34.7%), aspirin plus clopidogrel in 6 patients (2.1%), and aspirin plus clopidogrel plus warfarin in 3 patients (1.1%). Among patients with NIHSS score Ͼ8, the use of warfarin at discharge was 90.9%, whereas in those patients with NIHSS score Յ8 it was 88.0% (Pϭ0.59). At 12 months after hospital discharge, 226 of the 291 AF patients (77.7%) were using warfarin. Of those who received warfarin at discharge (nϭ253), 45 (17.8%) patients were taken off warfarin. Of those who did not receive warfarin at discharge (nϭ38), 18 patients (47.4%) were started on warfarin. The persistence rate of any warfarin use at 1 year was 82.2% (208 of the 253 patients who were discharged and remained on warfarin at 1 year). Of the 38 AF patients who did not receive warfarin at discharge, 18 (47.4%) started on warfarin within 1 year and 20 (52.6%) never started warfarin during this 1-year period.
IS/TIA patients with AF were more likely to receive thrombolytic therapy with intravenous tissue-type plasminogen activator when compared to those IS/TIA patients without AF (11.5% versus 5.8%, respectively). According to the stroke risk assessed by the CHADS 2 (Congestive heart failure, Hypertension, Age older than 75, Diabetes, previous Stroke or TIA) score, 11 the use of warfarin at discharge is shown in the Figure. There was a decrease in the rate of warfarin use in patients with a CHADS 2 score Ͼ3. Similar results were observed when age was excluded from the CHADS 2 score (data not shown). Among the components of CHADS 2 , diabetes was associated with lower rates of warfarin use at discharge (81.2%) and hypertension was associated with the higher rates (86.2%).
Predictors of Warfarin Use at 1 Year
In patients with IS/TIA and AF, the only independent factor associated with warfarin use at 12 months was male gender (adjusted odds ratio [ 
Discussion
Among a large cohort of patients with IS/TIA, we found that AF was present in 11.8%. Moreover, patients with AF were more likely to have a history of myocardial infarction/ coronary artery disease and/or prosthetic valves, and had more severe strokes than IS/TIA patients without AF. As recommended by American Heart Association/American Stroke Association guidelines, warfarin use was high among IS/TIA patients with AF but, nonetheless, significantly underutilized. Of the 38 patients who did not receive warfarin at discharge but were eligible for its use, 18 (47.4%) initiated warfarin up to 1 year after the index stroke event and 20 (52.6%) did not. Of the 253 patients discharged on warfarin, 208 (82.2%) were still using warfarin at 12 months. Importantly, male gender was the only independent predictor of warfarin use at 12 months. Current American Heart Association/American Stroke Association guidelines recommend warfarin use as a class IA recommendation in IS/TIA patients with AF. 9 Warfarin reduces the risk of stroke by Ϸ62% in IS/TIA patients with AF. 12 All of the patients included in the AVAIL Registry had IS/TIA; therefore, all patients with AF who were included in this study had a CHADS 2 score Ն2. As a result, all 291 patients with no documented contraindications to anticoagulation should have received warfarin at discharge, or at least should have been considered for warfarin therapy at the follow-up appointment. Nevertheless, our results indicated that 86.9% of the AF patients enrolled in the AVAIL Registry were prescribed warfarin at discharge and Ϸ50% of the patients were prescribed warfarin alone at the end of the hospitalization period. This leaves 13% of AF patients who were not prescribed warfarin at all. We did not query the practitioners to assess why warfarin was not prescribed. Even though our study (in which all patients had a stroke or TIA) demonstrates higher warfarin use than previous studies (which included patients without acute stroke), we found that among survivors at 12 months, 17.8% of the patients who were using warfarin at discharge were taken off warfarin for unknown reasons and only 47.4% of those patients who were not using warfarin at discharge were started on warfarin. The persistence rate of patients who were discharged on warfarin and remained on warfarin at 12 months was Ϸ80% in our study.
There are several possible explanations for the finding that more than half of warfarin-eligible patients who were not discharged on warfarin (nϭ20; 52.6%) were also not started on warfarin therapy within 12 months of hospital discharge. First and foremost, no data currently exist that has established optimal timing of warfarin therapy initiation in IS/TIA patients with AF. However, the American Heart Association/ American Stroke Association stroke secondary prevention guidelines recommend warfarin initiation within 2 weeks of the stroke event. 9 Second, in the transition of care from hospital admission to discharge, clinical inertia, risks, or exclusions for anticoagulation may be identified, such as difficulty with international normalized ratio monitoring, high probability for bleeding complications, or identification of traumatic injury risk (such as falls) once the patient is discharged from the hospital. Third, patient preferences may influence the decision to prescribe warfarin because of the need for frequent monitoring of therapeutic levels, which may include the willingness to risk future strokes because of the refusal to use warfarin for fear of bleeding. The AVAIL Registry did not capture data to explore this possibility. Fourth, other studies have demonstrated an "anticoagulation paradox" in which patients at the highest risk for AF-related thromboembolic events are the least likely to receive warfarin therapy, similar to the findings of our study. 13, 14 Finally, other clinical scenarios have been shown to influence warfarin use in patients with AF. For example, Ͻ40% of patients who have new-onset AF during hospitalization for a myocardial infarction and have a CHADS 2 score Ն2 receive warfarin at discharge. 15 In non-AF patients with acute stroke, aspirin monotherapy, aspirin and extended-release dipyridamole combined, or clopidogrel monotherapy are generally acceptable options for initial therapy. However, when AF is present, the benefit of oral anticoagulation over oral antiplatelet agents is far greater and, therefore, should be the first option utilized (unless there is a contraindication). 16 In our study, a minority of patients were discharged on aspirin alone, clopidogrel alone, or the combination of these 2 antiplatelet drugs. For AF patients with contraindications to oral anticoagulation, aspirin plus clopidogrel might be an option for stroke prevention; however, the combination is associated with a significant increase in both fatal and nonfatal bleeding. 17 In our study, aspirin plus clopidogrel was prescribed in a minority of patients (2.1%).
The addition of an antiplatelet agent to warfarin therapy does not provide additional protection against future ischemic events and (unless another indication exists) is associated with an increased risk for bleeding. 9 In our study, aspirin was prescribed at discharge in 43.3% of patients overall. The combination of aspirin and warfarin was used at discharge in more than one-third of the patients (34.7%), which may indicate the presence of other risk factors for stroke or the coexistence of previous myocardial infarction/coronary artery disease. These rates of warfarin and aspirin use are higher than previous studies, 18 but similar to those performed more recently. 19, 20 Our results confirm and extend the findings of previous studies that have demonstrated IS/TIA patients with AF are typically sicker and experience more severe stroke symptoms than those IS/TIA patients without AF. [21] [22] [23] [24] In a large cohort of 2594 IS/TIA patients, Bateman et al 3 showed that AF and heart failure were independent predictors of in-hospital mortality. Interestingly, this study demonstrated that the increased risk of death in patients with AF and heart failure were similar, regardless of thrombolytic therapy use for the index stroke. These findings suggest that clinical risk factors should not be considered contraindications for thrombolysis in stroke patients. In our study, IS/TIA patients with AF were more likely to receive acute thrombolytic therapy when compared to IS/TIA patients without AF. Patients with more severe strokes, defined by NIHSS score Ͼ8, were discharged on warfarin similarly to those patients with a NIHSS score Յ8 (90.9% and 88.0%, respectively), which suggests that stroke severity does not seem to play an important role in the decision to prescribe warfarin at discharge.
Other studies have demonstrated warfarin therapy use in eligible patients is low, especially because of warfarin management barriers. [25] [26] [27] As a result, identifying predictors of warfarin use, particularly long-term use, is critical in improving patient outcomes. As mentioned previously, we found that male gender was the only independent predictor of AF patients using warfarin therapy at 12 months after hospital discharge. Women were at 56% lower odds of being on warfarin at 1 year when compared to men. Our data also show that women with stroke/TIA were more likely to have AF than men, which has been shown in previous studies. 28 -32 Some of these studies have also shown that women with IS/TIA have worse in-hospital and postdischarge outcomes than men and receive less disease-specific diagnostic and treatment procedures. 29, [33] [34] [35] [36] In addition, after adjusting for age and other confounders, women generally are less likely to be treated with intravenous tissue-type plasminogen activators, to be entered in a clinical trial, and to experience an excellent outcome. 28 Compared to men, women are more likely to have a cardioembolic etiology of ischemic stroke, which is likely attributable to the higher prevalence of AF. 30 Reeves et al 37 demonstrated that quality of care in women is lower than men in almost 400 000 patients with IS/TIA. In our study, women with AF were less likely to receive warfarin at discharge than men with AF. Our study expands these results and identifies female gender as an independent factor associated with lower 1-year warfarin use. Our findings create a critical opportunity to improve care of all patients with IS/TIA and AF, particularly among women.
Finally, new antithrombotic agents are being developed and will likely change clinical practice for stroke prophylaxis and recurrence in patients with AF. New P2Y 12 inhibitors, such as prasugrel and ticagrelor, newer antiplatelet agents, such as PAR-1 inhibitors, direct thrombin inhibitors, such as dabigatran, and other oral factor Xa inhibitors, such as rivaroxaban or apixaban, will be available soon and will complicate the decision on different combinations of antithrombotic therapies for patients who require Ͼ1 antithrombotic agent. 38 In general, warfarin (and its combination with aspirin and/or clopidogrel) will continue to be used worldwide and the different combinations of newer drugs will need to be evaluated in prospective randomized studies.
Limitations
Our study has several limitations. First, this is an observational study of patients who were admitted to hospitals that participated in GWTG-Stroke between 2006 and 2008. Data from these patients may not be generalizable to a broader population and unmeasured confounders and causal relationships cannot be completely established. For example, other factors that may not have been captured in our data collection process may assist in predicting patient persistence to warfarin therapy. Second, our study cohort has some imbalances: (1) more women in the AF group could have influenced the results; however, several previous studies have shown that women are more likely to have AF, so our results are consistent with those findings 28 -32 ; (2) some missing data were present in a significant number of patients, although the lost-to-follow-up rates were lower than those in previous studies; (3) patients with diabetes and smokers were less likely to have AF; and (4) patients with AF were more likely to receive thrombolytic therapy than patients without AF, probably related to larger stroke size in patients with AF and not to warfarin initiation at discharge. Third, we did not collect information on international normalized ratio controls in patients who received warfarin therapy (international normalized ratio controls are known to play a role in outcomes). Fourth, our relative small sample size may not be sufficient to capture or identify predictors that would be significant in a larger sample (eg, heart failure). Fifth, we could not include stroke severity, assessed by NIHSS score, in our multivariable model because Ͼ30% was missing. Finally, we were unable to determine the exact timing, duration, and type (eg, persistent, permanent, or paroxysmal) of AF, despite the fact that both persistent and paroxysmal AF are associated with worse outcomes in patients with acute stroke.
Conclusions
Ischemic stroke/TIA patients with AF are sicker and typically exhibit more severe strokes than IS/TIA patients without AF. Warfarin use after AS/TIA in those patients with AF is high; however, among eligible IS/TIA patients with AF and particularly in those at greatest risk for stroke who were not discharged on warfarin, Ͻ50% were started on warfarin therapy within 12 months after hospital discharge and more than half of patients not discharged on warfarin were never started on warfarin within this period. Female gender was the only independent predictor of no warfarin use at 1 year after the index stroke event, exhibiting 56% lower odds of being on warfarin at 1 year. Our findings encourage future studies to develop novel processes that will improve use of warfarin at discharge and long-term in high-risk eligible IS/TIA patients with AF.
